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评 述 
号的采集与利用中发挥着越来越重要的作用. 
1  生物医用电极的制造技术 




件组成, 如图1所示. 一般而言, Ag/AgCl层通常采用























生脱水干燥, 使得导电凝胶的电特性发生某些变化,  
 
图 1  (网络版彩色)Ag/AgCl 电极的外观结构图. (a) 正面; (b) 反面 
Figure 1  (Color online) Appearance of the Ag/AgCl electrode. (a) 
Front face; (b) back face 
不能够长期连续使用 [6,7]. 正是由于导电凝胶的电阻
抗不稳定性 , 在高精度实验中容易引入较大的噪声
和误差, 从而导致测量结果的不够精确. 另外, 在使
用Ag/AgCl电极之前 , 必须要对皮肤进行有效处理 , 
尽可能擦除皮肤表面的角质层 , 实验前需要一定的
准备时间. 更为严重的是, 导电凝胶还有可能会引起
皮肤过敏反应 , 产生红肿等现象 [8,9], 从而使得某些
测量过程难以进行. 














般为10~15 m), 刺入导电表皮层 (厚度一般为50~ 
100 m), 以避开角质层的高阻抗特性, 同时还不能
刺到真皮层(包括神经和血管)以避免对皮肤造成损
伤, 从而导致疼痛和出血等现象. 因此, 微针刺入深
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与批量加工 , 通过与传统的Ag/AgCl 电极进行心电














无接触式肌电传感器 [21]等方面 , 并取得了良好的测









在纺织柔性电极的研究工作方面 , 当前主要是 
 
图 2  (网络版彩色)真空铸造加工的微针电极[16]. (a) 喷金后外观; (b) 
SEM 图 
Figure 2  (Color online) Micro needle electrode fabricated by vacuum 
casting machining[16]. (a) Appearance of electrode after spraying gold; 
(b) SEM image  
在新颖电极结构设计、新材料在纺织电极的应用、电
极性能表征与评估等方面开展了一些初步的研究工






























图 3  (网络版彩色)纺织电极应用在生物电阻抗测量[24]. (a) 手部与
脚部的应用; (b) 外观图 
Figure 3  (Color online) Textile electrode used in bioelectrical imped-












控制, 如图4所示.  
1.5  泡沫结构电极 
为了消除人体运动过程对于生物电信号采集的






































图 4  (网络版彩色)基于 PDMS 衬底的表面肌电电极外观图[28] 
Figure 4  (Color online) Photograph of surface electromyography elec-
trode based on PDMS substrate[28] 
 
图 5  (网络版彩色)泡沫结构电极[30]. (a) 实物图; (b) 结构示意图 
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图 6  (网络版彩色)绝缘干电极应用在心电测量过程[2] 
Figure 6  (Color online) Insulation dry electrodes used in electrocardi-
ograph measurement[2]  
2  生物医用电极的应用领域 





































电信号 . 许佩新课题组 [39]利用Sn-Ag合金为金属材
料制成新型心电电极, 其交流阻抗特性、除颤恢复性
能 等 电 学 特 性 相 比 与 传 统 的 Ag/AgCl 电 极 得 到 明  
显改善 , 为电极性能的提高提供一种可行性的解决
方法. 

























































工作 , 进一步推动生物医用电极在生物电采集与开 
发中的实际应用效果 , 提高生物电的基础研究与临
床应用的水平. 
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Development, fabrication, and applications of biomedical electrodes 
ZHOU Wei1, LIU Wei1, QIU QingFu1, LIU RuiLiang1, JIANG LeLun2 & SONG Rong2 
1 Department of Mechanical & Electrical Engineering, Xiamen University, Xiamen 361005, China; 
2 School of Engineering, Sun Yat-sen University, Guangzhou 510006, China 
Biomedical electrodes convert the ion potential generated by electrochemical activities into an electronic potential that can be 
measured by instrumentation systems; they are widely used as sensors in modern clinical detection and biomedical measurement. In 
recent years, with increasing applications in the fields of electrocardiography (ECG), electroencephalography (EEG), electromyography 
(EMG), and electrical impedance tomography (EIT), a great number of new biomedical electrodes with novel structural design and 
new material selection have been explored and developed; low-cost fabrication methods are also being intensively studied. In this 
paper, biomedical electrodes are classified into five types, including traditional silver/silver chloride electrodes, microneedle electrodes, 
flexible textile electrodes, foam electrodes, and insulated dry electrodes. The conversion mechanisms from ion potential to electronic 
potential of different biomedical electrodes described in the prior literature are firstly introduced, and then the latest research results 
concerning the fabrication processes for different biomedical electrodes, and the methods of using them, are reviewed. The advantages 
and disadvantages of each type of electrode for practical applications are discussed, based on the published literature. A general 
description of the current applications of biomedical electrodes in ECG, EEG, EMG, and EIT is presented. Typical results from 
researchers in various countries are reviewed to further introduce the detailed application of different biomedical electrodes. Emerging 
application fields for biomedical electrodes, such as electrooculography, electrogastrography, and the study of the nervous system, are 
also presented. Finally, the development and application prospects of biomedical electrodes are described briefly. With the rapid 
development of microelectronics, micro-nano manufacturing and signal processing technology, the related manufacturing technologies 
and signal processing methods for biomedical electrodes have achieved great progress; in particular, a much deeper understanding 
about the contact mechanism with human tissue and skin has been obtained. We believe that many new biomedical electrodes will be 
developed in the next few years to greatly improve the detection level of bioelectric information. 
biomedical electrode, fabrication method, electrocardiogram, electroencephalogram, electromyography, electrical bioimpedance 
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